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Short-Pulse, High-Average-
Power Laser Sysem for
Micromachining

Under awork-for-others contract, LS& T
is developing a 100-W-class psec, kHz, solid-
state laser system for rapid, precision
machining of 100-um-scale features in metals
and alloys. This advanced laser drilling
(ALD) system has recently been assembled
and has undergone initial testing. It delivered,
for material processing application, over 50 W
in a2-psec, 4-kHz pulse train to the
workpiece.

This short-pulse, high-average-power laser
employs numerous advanced laser technologies of
the LS& T program. Thesetechnologiesinclude a
solid-gtate regenerative amplifier and apower
amplifier using diode-pumped Yb:YAG asgain
medium and a high-power multilayer didectric
grating. A smplified schematic of thislaser is
shownin Figure 1. Thelaser system architectureis
based on chirped-pulse amplification (CPA). It
gartswith amode-locked Y b-doped fiber laser,
which was developed by Imra Corporation
specificaly for this gpplication. This mode-locked
oscillator produces a4-kHz train of 8-psec, chirped
pulseswith an average power of 120 mW (24 nJ
pulseat 50 MHz). The spectrad bandwidth of the
oscillator pulsesis 2 nm. The psec pulsesfrom the
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Figure 2. The large dielectric diffraction grating for the ALD
laser has a diffraction efficiency of 97% and an rms wavefront
of 1/40* of a wave averaged over the surface.

fiber oscillator are Sretched in timeto 4 nsec using
adiffraction grating pul se stretcher, amplified
by 75 dB, then recompressed to 2-psec duration
before being sent to the target chamber.
Between each of theselaser subsystems,
computer-based pointing and centering loops are
used to precisaly control laser beam aignment.
The gretching-and-compressing processthat
isthe basis of the CPA architectureis accomplished
by usng ahigh-efficiency didectric diffraction
grating (see Figure 2) manufactured by LS& T's
Diffractive Optics Group. Thislarge (150 x 335
mm) multilayer didectric grating has a diffraction
efficiency of >97% at 1030 nm. Wheressatypica
CPA-based |aser system architecture may use 4
diffraction gratings (2 for the stretcher and 2 for the
compressor), the current design employsasingle
grating that is shared by both the sretcher and com-
pressor. This Sngle-grating stretcher/compressor
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Figure 1. Laser system architecture uses chirped-pulse amplification to produce mJ-level short-pulse output.
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Figure 3. The Yb-YAG amplifier uses LS&T technologies: taper-
ed Yb-YAG rods with heat-diffusing end caps; hollow lens duct;
repass pump mirrors; and a water-cooled jacket for the rod.

design enabled the combination of two laser
subsystemsin acompact unit that can readily be
incorporated into a hardened system that can
withstand the harsh condiitions on the factory floor.

The 75 dB of amplification between the pulse
stretcher and compressor isaccomplished by two
subsystems: alinear-cavity regenerative amplifier
(regen) and apower amplifier. Both anplifiersuse
Yb:YAG asthe gain medium, pumped with micro-
channd-cooled diode laser arrays (operated at 940
nm). Theregen amplifiesthe 1-nJ stretched-pulses
up to 750 pJ and converts the pulsing frequency
from 50 MHz to 4 kHz (using aPockels cdll). The
power amplifier hastwo heads. It booststhe regen
output from 3W to 50 W in two passes. With the
use of agrating compressor, the pulse width of the
amplified beam from the power amplifier iscom-
pressed from 2 nsback to 2 psec, multiplying the
laser peak power by afactor of athousand. We
devel oped specid water-cooled housingsfor the
amplifier rodsto efficiently disdpate heet and
minimize amplified stimulated emission and
parasitic lossesin the laser cavity. The'Y b-doped
rods are aso tgpered to minimize parasitic ocil-
lation. Undoped end caps are fused onto the end of
each amplifier rod to minimize thermd gradients
ontherods A water-cooled hollow lensduct with
precisdly machined inner surfacesisused to
efficiently couple pump light into the laser rods.
Figure 3 showsthe power amplifier assembly.

For material processing, the output from
the compressor is delivered directly to the
workpiecein the target chamber. We have made
good progress in the machining of ~100-um
featuresin metals and aloys as required by our
industrial partner. We plan to transfer this high-
average-power, solid-state laser technology
to our industrial partner for applicationsin
manufacturing.
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